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1. Title of the Invention 

Level display control driving device for matrix display panel 

2. Scope of Claim 

(1) A level display control driving device for a matrix display panel comprising: 

a matrix display panel composed of a capacitive display element in which a data 
electrode and a scanning electrode is orthogonal each other; 

a data-side driver having a pulse width modulation control circuit connected to 
the data electrode which supplies modulating voltage; 

a scanning-side driver connected to the scanning-side electrode which supplies 
write voltage; 

a first time constant compensation circuit which compensates a charging time 
constant with a compensation coefficient a, corresponding to a scanning-side selective 
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electrode; 

a second time constant compensation circuit which compensates the charging 
time constant with a compensation coefficient P, corresponding to a number of display 
data of one scanning period; and 

frequency variable circuit which controls a clock frequency of the pulse width 
modulation control circuit, corresponding to output of the compensation coefficients a 
and p of the first and the second time constant compensation circuits. 

(2) A level display control driving device for a matrix display panel according to 
Claim 1, wherein the compensation coefficient a of the first time constant compensation 
circuit is to be an exponential function letting a first of the scanning selective electrode 
be a maximum value (minimum value) and letting a last thereof be a minimum value 
(maximum value), and the compensation coefficient p of the second time constant 
compensation circuit is to be a direct function letting a luminescent display data ratio 
with respect to a number of total data of one scanning period be a maximum value 
(minimum value) in 0 and 100% and be a minimum value (maximum value) in 50%. 

(3) A level display control driving device for a matrix display panel according to 
Claim 1, wherein the first time constant compensation circuit is composed of a counter 
circuit 10 letting a scanning sift signal be input and a ROM 11 in which the 
compensation coefficient a letting the output thereof be an address signal is memorized; 
the second time constant compensation circuit is composed of a counter circuit 12 
letting a transfer data signal and a data clock signal be input and a ROM 13 in which the 
compensation coefficient p letting the output thereof be an address signal is memorized; 
and a frequency variable circuit is composed of a voltage-controlled oscillation circuit 
(VCO) 15, 

(4) A level display control driving device for a matrix display panel according to 
Claim 1, wherein the first time constant compensation circuit is composed of a counter 
circuit 10 letting a scanning shift be input and the ROM 11 in which the compensation 
coefficient a letting the output thereof be an address signal is memorized; the second 
time constant compensation circuit is composed of the counter circuit 12 letting a 
transfer data signal and a data clock signal be input and a ROM 13 in which the 
compensation coefficient p letting the output thereof be an address signal is memorized; 
and the frequency variable circuit is composed of a counter circuit 23 letting an 
oscillation circuit 22 and output thereof be a clock signal, and letting the compensation 
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circuit output be an control signal. 

(5) A level display control driving device for a matrix display panel according to 
Claim 1, wherein the data electrode is a display panel separated into upper and lower of 
an odd group and an even group, which relates to a clock frequency control of the pulse 
width modulation control circuit of an odd electrode data-side driver and an even 
electrode data-side driver, and which the compensation coefficient a of the first time 
constant compensation circuit is made into a relation of reverse properties with the odd 
electrode data-side driver and the even electrode data-side driver. 

3. Detailed Description of the Invention 
Industrial Field of the Invention 

The present invention relates to a level control driving device for a matrix display 
panel constituted of a capacitive display element such as EL (electroluminescence) and 
PDP (plasma). 

Prior Art 

A thin film EL display device is exemplified as a matrix display device of a 
capacitive element. The matrix electrode of the EL display panel is generally 
constituted of an ITO transparent electrode for a data electrode, and constituted of an 
aluminum electrode for a scanning electrode. As to respective electrode resistance, 
since ITO electrode resistance » aluminum electrode resistance due to the difference of 
the materials, the charging time constant of a display element is almost determined by 
the resistance of the ITO transparent electrode. An equivalent circuit of a load viewed 
from the data electrode is shown in N-stages continuous Jt-shape circuit by a resistance r 
and a capacitor c shown in Figure 7. Here, r corresponds to an ITO electrode 
resistance per pitch, c corresponds to an EL capacitor per display element, and n 
corresponds to the number of a scanning electrode. 

A transmission characteristic of an output voltage Vo with respect to an input 
voltage VI in this equivalent circuit is shown in Figure 8. The relation between an 
input voltage Vi and an output voltage Vo with respect to a time t is shown in a 
following equation. 

Vi/Vo = 6 = (1-4/ji) • 2a (A- Exp-(B - T)) 
except Za: a ~ 0~™ 

A = (-l) a (2a+l) B = (2a+l) • tc 2 /4 

T = t/(nr-nc) 

8(n, t) ^ 1-Exp-(2.0~2.3)T can be obtained by simplifying the above equation. 
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The more the number of the n-stages increases, the more a time tn letting n-th be 
6^1 (charging rate of 100%) increases. Generally, a pulse width tp of a drive voltage 
at a binary display is set at tp a tn since a charging completion to the furthest point 
element (n-th) is necessarily assumed as a standard; therefore, driving is carried out not 
to cause a luminance tilt of an EL display element over the data electrode by setting a 
charging rate to all elements at 100%. 

Problem to be Solved by the Invention 

In considering carrying out a level display for a matrix display panel, there are 
each controlling method of a frequency modulation (hereinafter, referred to as FM) that 
controls the times of applying a drive pulse voltage, a pulse width modulation 
(hereinafter, referred to as PWM) that controls a pulse width of a drive pulse voltage, 
and an amplitude modulation (hereinafter, referred to as AM) that controls an applied 
voltage of a drive pulse voltage as the driving method. A special driver incorporating 
these control circuits is necessary for the PWM control and the AM control, and the 
PWM control driver of which circuit constitution is easy is cheaper. 

When a capacitive element such as a thin film EL panel is made a level display by 
the PWM, the charging time constant for each display element differs. Therefore, due 
to an une venn ess of a charging voltage, a luminance tilt is caused and the level 
difference is obscured, especially a level display cannot be partially made when the 
difference of the charging time constants is large and at the time of a multi-levels 
display. Thus, FM or AM control method that makes a drive panel width tp a 
condition of tp a tn is generally used. 

However, the drive pulse width tp is inevitably determined by the number of the 
charging time constant to an element, the number of a scanning line and the number of a 
flame, and the like. Especially, the panel with a high-resolution and a large area are 
not suitable for a multi-levels display since the FM control method has a time restriction 
and has limit for the number of a level. In addition, although the AM control method 
is the best driving method for the capacitive load panel, the AM driver of a high 
pressure-resistant heavy current type has the problems which are still in a developing 
level and extremely expensive. 

The present invention has been made in view of the problem in such conventional 
technique, and aims to provide a level display control driving device for an inexpensive 
capacitive matrix display panel that enables a multi-levels display diminishing a 
luminance tilt by compensation of the PWM control of the PWM control driver. 

Means for Solving the Problem 

The present invention is a level display control driving device comprised of: a 
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capacitive matrix display panel; a data-side driver having a PWM control circuit 
connected to a data electrode; a scanning-side driver connected to a scanning electrode; 
a first time constant compensation circuit which compensates a charging time constant, 
corresponding to a scanning-side selective electrode; a second time constant 
compensation circuit which compensates a charging time constant, corresponding to the 
number of display data in one scanning period; and a frequency variable circuit which 
controls a clock frequency of the PWM control circuit, corresponding to output of the 
first and the second time constant compensation circuits. 
Effect 

From the above constitution, in the present invention, in order to compensate an 
unevenness of a charging voltage due to a charging time constant by a data electrode 
resistance and each display element capacitor when the PWM control is carried out with 
the data-side driver incorporating the PWM control circuit, a time constant 
compensation based on the time constant of the farthest point element is earned out 
with a first time constant compensation circuit that generates a compensation coefficient 
a corresponding to the scanning-side selective electrode to the change of a charging 
time constant with respect to each display element from a nearest point element to the 
farthest point element from the data-side driver. As well, a time constant is earned out 
with a second time constant compensation circuit that generates a compensation 
coefficient p* to the change of a charging time related to the number of display data of 
one period, letting the output signal of the frequency variable circuit that is controlled 
with the compensation coefficients a and p of the first and the second time constant 
compensation circuits be a clock signal of the PWM control circuit. Therefore, the 
charging voltage with respect to each element becomes even and a luminance tilt taken 
along the data electrode is diminished by carrying out a variable control to a pulse width 
of PWM control output, corresponding to the scanning-side selective electrode and the 
number of display data so that the width gets narrower than that of a standard value. 
Embodiment 

Embodiments of the present invention is described hereinafter with reference to 
the drawings. 

Figure 1 is a drawing showing a block view of a level display control driving 
device for a matrix display panel in Embodiment 1. In Figure 1, 1 denotes an EL 
display panel of a X-Y matrix electrode structure that uses EL as a display element, 2 
denotes a data electrode of the EL display panel 1, 3 denotes a scanning electrode of the 
EL display panel 1, 4 denotes a data-side driver constituted of a pulse width modulation 
control circuit 5 (hereinafter, a pulse width modulation control is refened to as PWM 
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control) and a push-pull type drivers 6, 7 denotes a scanning-side driver, 8 denotes a 
write pulse generation circuit for supplying a write pulse to a display element by 
interposing the scanning-side driver therebetween, and 9 denotes a clock frequency 
variable circuit for controlling the PWM control circuit 5. Note that, as shown in 
Figure 2, the PWM control circuit 5 of the data-side driver 4 is constituted of a shift 
register circuit 16 that transfers a data signal with a clock signal CK1, a latch circuit 17 
that memorizes output thereof for one scanning period, a pulse counter circuit 18 that 
counts a clock signal CK2 for a PWM control, and a pulse width selector circuit 19 that 
selects output of the pulse counter circuit 18 by corresponding to the content of the data 
signal. For example, 4 bit for DO ~ D3 is necessary for a data signal and 4 bit of pulse 
counter circuit output is necessary in order to carry out 16 levels display. 

Regarding this embodiment having the above constitution, its operation is 
described with reference to Figure 3 and Figure 4. Output of the data-side driver 4 is 
connected to the data electrode 2 of 1 - m, and output of the scanning-side driver 7 is 
connected to the scanning electrode 3 of 1 ~ n. EL display elements Ell ~ Emn are 
interposed at a cross point of each electrode. Usually, modulating voltage Vm that is 
supplied to the data-side driver 4 and writing voltage Vw that is supplied to the write 
pulse generation circuit 8 are applied simultaneously to an EL display element. After a 
line-sequential scanning is finished, writing voltage Vw and refresh voltage Vr with 
reverse polarity are applied by the scanning-side driver 7, thereby emitting light twice in 
a flame. This driving method is referred to as a simultaneous inverting refresh drive. 

As shown in Figure 7 and Figure 8, a charging time constant of charging voltage 
into an EL display element becomes larger as it moves from a nearest point display 
element Exl (x: 1 - m) to a farthest point display element Exn against the data-side 
driver 4. Therefore, a charging voltage difference between a near point display 
element and a far point display element becomes apparent when a PWM control is 
carried out, and uniform modulating voltage cannot be supplied to all elements. As a 
result, a luminance tilt is caused to the direction of a data electrode line. 

In order to solve this, in this embodiment, let a signal that carries out a variable 
control at a compensation value of a charging time constant corresponded to each 
display element at the clock frequency variable circuit 9 be the clock signal CK2 that 
determines a pulse width in a PWM control of the data-side driver 4, thereby changing 
the supplying time of modulating voltage Vm into each display element, keeping 
charging voltage constant, and uniforming a luminance for the same level display level. 
Note that, the order of a scanning carries out here a line-sequential scanning, letting a 
nearest point of the data-side driver 4 be the first and letting a farthest point be n-th. 
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A block diagram of the clock frequency variable circuit 9 is shown in Figure 3. 
In this circuit, it is compensated against each display element by two systems of a time 
constant compensation circuit, which is (1) a first time constant compensation circuit 20 
that compensates a charging time constant which is determined by a data electrode 
resistance r and a display element capacitance c corresponding to a scanning-side 
selective electrode and (2) a second time constant compensation circuit 21 that 
compensates a charging time constant corresponding to the number of display data of 
one scanning period. 

The first time constant compensation circuit 20 is constituted of a counter circuit 
10 and a ROM 11. In order to carry out a line-sequential scanning, a scanning-side 
shift signal CKS is counted with the counter circuit 10 and sent to the ROM 11 letting 
count output synchronized with the selective electrode be an address signal. In the 
ROM 11, a compensation coefficient a given beforehand corresponding to the address 
signal is outputted. In the compensation coefficient a of the ROM 11, the selective 
electrode is a maximum value in the first and a minimum value in the n-th of the 
scanning line such as shown in a solid line of Figure 4(a). Letting a function be f (a), 
the compensation coefficient a takes a value of an exponential function such shown in a 
reverse property 6 (n, t). 

The second time constant compensation circuit 21 is constituted of a counter 

circuit 12 and a ROM 13. While corresponding a transfer data signal Di of display 
information data to a data clock signal CKD, the number of display (light-emitting or 
non light-emitting) data in one scanning period is counted with the counter circuit 12, of 
which output is sent to the ROM 13 that is taken as an address signal. In the ROM 13, 
a compensation coefficient p given beforehand corresponding to a display ratio obtained 
by the address signal is outputted. Briefly describing influence of a charging time 
constant with respect to a display ratio, the charging time constant with respect to the 
display ratio takes a value of a linear function that a minimum value is in a display ratio 
of 0.100% and a maximum value (double of the minimum value) is in a display ratio of 
50% since a charging loop is formed between a selective electrode and a non-selective 
electrode of the data electrode 2 on the scanning-side selective electrode line due to a 
constitution of a matrix electrode that is capacitively-coupled. Therefore, the 
compensation coefficient p of the second time constant compensation circuit 13 [sic] is 
a value of function with a reverse property that a maximum value in a display ratio of 
0.100% and a minimum value in a display ratio of 50% such as shown in Figure 4(b). 
These compensation coefficients a and p can be obtained from a panel specification; 
therefore, it may be memorized beforehand to a memory. 
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The output of the compensation coefficients a and p" from the ROMs 11 and 13 is 
added with an adder 14 and thereafter operated as a control voltage of a voltage- 
controlled oscillator circuit (VCO) 15 through a D/A converter 22. Then, VCO output 
is provided as the clock signal CK2 of the pulse counter circuit 18 in the PWM control 
circuit. An oscillation frequency of the voltage-controlled oscillator circuit 15 is to be 
changed in proportion to the control voltage. Therefore, the bigger the compensation 
coefficient is, the higher the frequency is; and the smaller the compensation coefficient 
is, the lower the frequency is. Note that, the output of the compensation coefficients a 
and p from the ROMs 11 and 13 changes in every one scanning period as can be seen 
from the above operation. 

On the other hand, the counter circuit 18 is the output that counts the clock signal 
CK2; therefore, its output pulse width is inverse proportion to the frequency of the clock 
signal CK2, and the bigger the compensation coefficient is, the narrower the width is; 
and the smaller the compensation coefficient is, the wider the width is. A standard 
frequency of the clock signal CK2 is set at a minimum value (the scanning-side 
selective electrode is n-th and the display ratio is 50%) of the compensation coefficients 
a and p\ According to this setting, the frequency of the clock signal CK2 gets higher 
and the output pulse width of the pulse counter circuit 18 gets narrower in each 
compensation of the compensation coefficient a with respect to the first ~ the n-1 th of 
the scanning-side selective electrode and the compensation coefficient p" with respect to 

the display ratio of * 50%. 

Due to such control, the operational state is normalized in a state that the 
scanning-side electrode at the time of a standard frequency is n-th and a display ratio is 
50%. Accordingly, the more a display element has a small charging time constant, the 
more a modulating voltage Vm of a pulse width with narrower width than a standard is 
applied. As a result, a modulating voltage corresponding to a designated level is 
uniformly charged to each display element in spite of the big or small of a charging time 
constant; therefore, a luminance tilt can be prevented. 

Figure 5 is a block diagram of other constitution of the clock frequency variable 
circuit 9. The difference with Figure 3 is a constitution of a variable frequency 
oscillation circuit that is used as the clock signal CK2 of the pulse counter circuit 18, 
which here the number of a count with respect to an oscillation output signal of a 
counter circuit 24 by output of the adder 14 is controlled as well as an oscillation output 
signal of an oscillation circuit 23 is inputted to the counter circuit 24. Therefore, a 
pulse output interval of the counter circuit 24 is changed to be the clock signal CK2 of 
the pulse counter circuit 18. In this constitution, control can be made with a digital 
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signal processing; therefore, the need of the D/A converter 22 shown in Figure 3 is 
eliminated. Note that, supposing that the data clock signal CKD is a much higher 
frequency than one scanning period frequency, it may be used instead of the oscillation 
output signal of the oscillation circuit 23. 

Figure 6 is a block diagram of a level display control device for a matrix display 
panel, which is the case of the EL display panel 1 that the data electrode 2 is divided 
into upper and lower of an odd data electrode 2a and an even data electrode 2b. Note 
that, the scanning-side driver 7, the write pulse generation circuit 8, and the like that are 
connected to the scanning electrode 3 are abbreviated in this figure. An odd electrode 
data-side driver 4a is connected to the odd data electrode 2a and an even electrode 
data-side driver 4b is connected to the even data electrode 2b. As the scanning order 
of the scanning electrode 3, the side of the odd electrode data-side driver 4a is taken as 
the first and the side of the even electrode data-side driver 4b is taken as the n-th. 

In such constitution, the compensation coefficient p of a charging time constant 
corresponding to a display ratio of the scanning-side selective electrode is as same as 
Embodiment 1. However, a time coefficient in a direction to the data electrode with 
respect to the scanning-side selective electrode has totally reverse property between the 
odd data electrode 2a and the even data electrode 2b on the boarder of a selective 
electrode (center) of n/2 th. Therefore, the compensation coefficient a that 
compensates a charging time constant of in the direction to the data electrode has 
necessity to have a compensation property of oa (solid line) and cxb (broken line) letting 
the n/2 th as shown in Figure 4(a) as well as the above be a line symmetry in the odd 
data electrode 2a and the even data electrode 2b. 

Therefore, as well as Embodiment 1, a luminance tilt is compensated in the entire 
display panel by controlling the clock frequency variable circuit of two systems: as for 
the odd electrode data-side driver 4a, letting output of a voltage- controlled oscillation 
circuit 15a that controlled the compensation coefficient oa outputted from a first time 
constant compensation circuit 20a and the compensation coefficient (5 outputted from 
the second time constant compensation circuit 21 by interposing an adder 14a 
therebetween be a clock signal CK2a; and as for the even electrode data-side driver, 
letting a voltage-controlled oscillation circuit 15b that controlled the compensation 
coefficient ab outputted from a first time constant compensation circuit 20b and the 
compensation coefficient p outputted from the second time constant compensation 
circuit by interposing an adder 14b therebetween be a clock signal CK2b. 

As mentioned above, the PWM control clock frequency of the PWM control 
data-side driver is controlled with the compensation coefficient a of a charging time 



English Translation of JP2- 135421 



9 



-57 14342916=RIPLO 7081-462702408= /0 4-06-1 0-12:01/001-032— 



constant of the data electrode corresponded to the scanning-side selective electrode of 
the display element and the compensation coefficient (J of a charging time constant 
corresponded to the number of display data of one scanning period. Therefore, a 
luminance tilt due to the charging time constant can be prevented, which a multi-levels 
display is made possible. The compensation coefficients a and (J are not limited to the 
properties shown in Figures 4(a) and 4(b), but necessary to be the reverse propert.es 
according to the properties of the frequency variable circuit. Furthermore, a 
simultaneous inverting refresh drive is described as a method for driving a thin film EL 
display panel; however, it is not limited thereto, but other driving methods such as flame 
reversal drive may be also used. Note that, although the thin film EL display panel is 
described in this embodiment, it is needless to say that a matrix display panel composed 
of a capacitive load such as a PDP is also acceptable. 
Effect of the Invention 

As mentioned above, according to the present invention, the clock frequency of 
the PWM control circuit is controlled using the data-side driver incorporating the PWM 
control circuit with the compensation circuit in driving a capacitive matrix display panel 
so that a luminance tilt is eliminated. Therefore, apparently, voltage equal to AM 
controlling method is applied to a display element so that a multi-levels display can be 
realized easily in a low cost, of which an impractical effect is large. 

4. Brief Description of the Drawings 

Figure 1 is a block diagram of a level display control driving device for a matrix 
display panel in Embodiment 1 of the present invention. Figure 2 is a block diagram 
of a data-side driver incorporating a PWM control circuit in this embodiment. Figure 
3 is a block diagram of a clock frequency variable circuit that controls a clock frequency 
of the PWM control circuit in this embodiment. Figure 4 is a characteristic graph of 
compensation coefficients a and fJ of a time constant compensation circuit of the clock 
frequency variable circuit in this embodiment. Figure 5 is a block diagram of other 
constitution of the clock frequency variable circuit. Figure 6 is a block diagram of a 
level display control device for a matrix display panel in Embodiment 2. Figure 7 is 
an N-stages continuous it-shape circuit diagram that is an equivalent circuit of a 
capacitive matrix display panel. Figure 8 is a transmission characteristic graph of the 
N-stages continuous jt-shape circuit. 
1 EL display panel 

4 Data-side driver 

5 Pulse Width Modulation control circuit 
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9 Clock frequency variable circuit 

10. 12 Counter circuit 

11. 13 ROM 

15 Voltage-controlled oscillator circuit 

20 First time constant compensation circuit 

21 Second time constant compensation circuit 
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ABSTRACT 

PURPOSE: To easily and inexpensively perform multilevel displays by 
controlling the clock frequency of a pulse width modulation (PWM) control 
circuit with a compensation circuit by using a data-side driver 
incorporating the PWM control circuit. 

CONSTITUTION: The clock signal CK(sub 2) which decides the pulse width used 
by a data-side driver 4 for making PWM control is variably controlled at a 
clock frequency change circuit 9 with the compensating value of a charging 
time constant corresponding to each display element. In other words, 
outputs of compensating factors .alpha, and .beta^from ROMs 11 and 13 
operate as the control voltage of a voltage-controlled oscillation circuit 
(VCO) 15 after the sum of the outputs is taken by an adder 14 and the 
output of the VCO 15 is supplied to a PWM control circuit 5 as signals 
CK(sub 2). On the other hand, the pulse width of the output of a counter 
circuit 18 is inverse proportion to the frequency of the signals CK(sub 2) 
and becomes narrower or wider as the compensating factors become larger or 
smaller, since the output of the circuit 18 is produced by counting the 
signals CK(sub 2). Therefore, the charging time is fixed and luminance is 
uniformized by changing the supplying time of modulating voltages to each 
display element against the same multilevel displaying level. 
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